The hybrid animals produced by cross breeding of Bos taurus taurus and B. taurus indicus are considered superior to the pure bred amimals (ALENCAR 1997) . The hybrids are more efficient producers of meat and milk than the parental breeds (ALENCAR 1997) , and their fertility rates are generally lower than 80% (PEREIRA NETO and LOBATO 1998) .
Although many factors can affect the reproductive efficiency in animals, the process of chromosome pairing in the first meiotic prophase is crucial in the production of balanced haploid gametes (GILLIES 1989) . The pairing of the chromosomes is mediated by the synaptonemal complex (SC), a protein structure formed in the beginning of the prophase I between the sister chromatids of each bivalent (SCHMEKEL et al. 1993) . Techniques have been developed to study the morphology of the SC (COUNCE and MEYER 1973; SANTOS 1993) . They allow a detailed analysis of the process of chromosome pairing.
We have studied the fertility problems in hybrids between B. taurus taurus and B. taurus indicus, through using the SC of four F, hybrid breeds in order to determine details of chromosome pairing. We compare these results to similar data obtained from pure blood animals of their respective parental breeds.
MATERIAL AND METHODS

Animals
Testes of 18 specimens of F, hybrids from Nelore and Piemontese breeds (N-P) and 10 of F, hybrids from Nelore and Simmental (N-S) were obtained in Estrela do Oeste, State of S5o Paulo, Brazil. Testes of 3 F, hybrids from the Gyr and Holstein-Friesian (G-H) breeds and of 3 F, hybrids from the Gyr and Simmental breeds (G-S) were obtained in Itatinga, State of S5o Paulo, Brazil.
Spread preparation
The SC was analyzed by surface spreading (SANTOS 1993). Briefly, the spermatocytes were lysed with Triton XlOO (0.01 YO), fixed in paraformaldehyde (4%) and stained with silver nitrate 50% (HOWEL and BLACK 1980) . The SC was transferred to electron microscopy grids of 75 mesh, examined with electron microscopy (Phillips EM 301, to 80 kV) and photographed with Eastman-Kodak film. Photographs of 24 cells of Gyr-Simmental hybrids, 51 cells of NeloreSimmental hybrids, 30 cells of Gyr-Holstein-Friesian hybrids, and 25 cells of Nelore-Piemontese hybrids were recorded.
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Hereditas 133 (2000) Class$cation of the cells In the analysis of the different stages of cellular development, two zygotene sub-stages were recognized corresponding to early and late stages. In the pachytene, three sub-stages (early, middle and late) were recognized based on the degree of pairing of the bivalent, the reduction of the size of the axes, condensation of the sexual vesicle and dispersion of the nucleoli in agreement with the proposal of GREEN- BAUM et al. (1986) .
A nafyses
For each cell analyzed, the number of the following parameters was registered: 1. intimate connection between the XY axes and autosomes (XY-A); 2. lateral elements with unequal length (UL); 3. Y chromosome broken (YB); 4. association of two telomeres of a SC (bivalent in arch) (EE); 5. telomere association (TA); 6, univalent (U); 7. inversion (I); 8. break (B); 9. pairing failure (PF); 10. unpaired parts (UP); 11. twister (T); and 12. telomere concentration (TC). Cells with the characteristics 1 to 10 were counted as carriers of abnormalities. The parameter PF (9) was only considered when the cells were not in late pachytene because in that case it was not possible to distinguish between pairing failures and failures due the occurrence of desynapse.
The Kruskal-Wallis test (ZAR 1996) was employed to analyze the data. Data regarding the proportions of cells possessing abnormalities were statistically analyzed by the Fisher exact test (ZAR 1996).
RESULTS
All animals had 29 autosome bivalents and one sexual bivalent (Fig. la) . The axes of these bivalents had a dense cloud of protein material representing the kinetochore and a terminal plaque in the other extremity (Fig. la) . The autosomic bivalents were acrocentric with the pairing beginning in the telomeric region of the long arm and progressing unidirectionally (Fig. 2a) . The distance between the lateral elements was of 100 nm and the average of absolute length of SC in cells in middle pachytene was 180 pm.
The behavior of SC in zygotene and pachytene (Fig. la) was similar those described by GREENBAUM et al. (1986) . In the early pachytene, the autosomes were completely paired and the XY chromosomes were completely heteropycnotic. In the middle pachytene, the unpaired region of the X chromosome remained heteropycnotic (Fig. 1 a) . Frequently, the Y chromosome was broken during the pachytene ( Table 1 , the totals for each parameter in zygotene and in pachytene cells are shown. The twisteds and telomere concentration were not counted as abnormalities in spite of having been listed in the Table 1 because they are normal configurations in the phases in which they occurred. Despite a number of statistically significant differences in several of the parameters analyzed in zygotene and pachytene sub-stages, the total of all the abnormalities did not show a statistically significant difference among the hybrids
The percentages of cells with abnormalities in the zygotene and pachytene stages are presented in the Statistically significant differences were not found in the total number of abnormalities observed among the Gyr-Simmental hybrids and the parental average (x2 = 4.637, df = 2, p = 0.098). A comparison of the frequency of cells with abnormalities between Gyr-Simental F, hybrids (29.1 940) and the parental Gyr (1 1.1 %) and Simmental (29.5 YO) breeds revealed statistically significant differences only between the hybrids and pure bred Gyr animals (p=O.O05).
For the Nelore-Simmental hybrids, statistically significant differences were found in the total number of abnormalities observed between the hybrids and the parental average (x' = 15.609, df = 2, p E 0.000). A comparison of the frequency of cells with abnormalities between Nelore-Simmental F1 hybrids (33.3 %) and the parental Nelore (30.0%) and Simmental (29.5 YO) breeds did not indicate any statistically significant differences between them (p = 1 .OOO; p = 0.825 respectively).
The results for the total number of the abnormalities indicated that there were only statistically significant differences between the Gyr-Holstein- 
taurus indicus: Gyr and Simmental (G-S), Nelore and Simmental (N-S), Gyr and Holstem-Friesian (G-H), Nelore and Piemontese (N-P). Z-zygotene, P-pachytene, XY-A-intimate connection between the axes X Y and autosomes, UL-unequal length; YB-Y chromosome broken, EE-association of two telomeres of a SC (bivalent in arch); TA-telomere associations; U-univalent, I-inversion; B-break, PF-pairing failure, UP-unpaired part, T-twisted and TC-telomeres concentration
Breed Stage
Number of cells Number of observations A comparison between the number of cells with abnormalities between the different hybrids indicated that there were not statistically significant differences amongst them.
with abnormalities in hybrid Fl bulls between the Gyr and Simmental (G-S), Nelore and Simmental (N-S), Gyr and Holstein-Friesian (G-H), Nelore and Piemontese (N-P) breeds. Z-zygotene and P-pachytene
DISCUSSION
The synaptonemal complex of the hybrids between B. taurus taurus and B. taurus indicus showed 30 bivalents, 29 being acrocentric autosomal bivalents and one sex bivalent as had been previously observed by DOLLIN et al. (1991b) in other bovine hybrids. The distance between the lateral elements in the homologous pair was 100 nm; a result similar to other species of mammals (GILLIES 1989) . The pairing of the chromosomes began in the telomeric region of the long arm and progressed unidirectionally as observed by GREENBAUM et al. (1986) for other mammals and by DOLLIN et al. (1989 DOLLIN et al. ( , 1991a for bovines.
The most frequent abnormality observed in the hybrids was pairing failure. This abnormality was also found in high frequency in the hybrids studied by DOLLIN et al. (1991b) . Lateral elements with unequal length found in several F, hybrids had also been observed in the deer mouse (HALE and GREEN-BAUM 1988), other bovines (DOLLIN et al. 1989; SWITONSKI et al. 1990; DOLLIN et al. 1991a,b) and buffaloes (DAI et al. 1994 ). The pairing failures and the asymmetric bivalents may have originated through heterochromatin polymorphisms, chromosomal rearrangements or disturbances in the pairing mechanism (SHARP 1986; HALE and GREENBAUM 1988; SUDMAN et al. 1989; SWITONSKI et al. 1990 ). The presence of some cells with inversions in the hybrids examined in this study show that these rearrangements were present in some groups of cells of the germ line.
Breaks were observed in the Y chromosome in 23 Yn of the analyzed hybrids. The presence of these breaks in the Y chromosome of cattle has been described in pure bred bulls (DOLLIN et al. 1989 ), hybrids (SWITONSKI et al. 1990 DOLLIN et al. 1991a,b) and in buffaloes (DAI et al. 1994) . Since the X chromosome is about three times longer than the Y chromosome and the telomenic plaques are attached to the nuclear envelope, it is possible that the forces exerted to move the terminal areas of the X and Y chromosomes could potentially break the Y chromosome during SC preparations. DOLLIN et al. (1989) suggested that the frequently observed Y chromosomes breakage in cattle might indicate that a weak point exists in the Y chromosome causing it to be highly susceptible to breakage during the preparation of the cells for electron microscopy.
Among the cells with abnormalities (31.5 Yn of the total), 57.97 YO were in the zygotene and 42.03 Yn in pachytene. The reduced number of abnormalities in pachytene suggests that mechanisms of synaptic ad-Hereditas 133 (2000) justment occurred in the cells to repair the anomalies, even though the mechanism is not completely accurate. This is shown by the presence of abnormal configurations in late pachytene cells. Similar observations have also been made on bulls (DOLLIN et al. 1991a,b) and buffaloes (DAI et al. 1994) .
Since the abnormalities observed in the hybrids always occurred in a reduced number of cells it may be supposed that a genetic unbalance, more than specific differences in the chromosomes, could be responsible for the abnormalities observed in the hybrid cells, as proposed by DOLLIN et al. 1991a,b) . On the other hand, gross pairing abnormalities such as the extensive pairing failures observed in sterile hybrid horses (CHANDLEY et al. 1974 ) and foxes (GUSTAVSSON et al. 1988) were not observed in the hybrids studied in the present paper.
The comparisons between the number of cells with abnormalities in the hybrids showed that there were not significant differences among them. A comparison of the frequency of cells with abnormalities in the F, hybrids (31.5 YO) and the parental breeds of B. taurus taurus (29.6 YO) and B. taurus indicus (16.9 YO) (SCAVONE et al., in preparation) showed that there was greater similarity between the hybrids and the European bulls. On the other hand, the total of all the abnormalities in all the phases showed that there were only significant differences between the hybrids Nelore-Sinimental and their parental breeds and between the Gyr-Holstein-Friesian hybrids and Gyr. DOLLIN et al. (1991a) analyzing bovine hybrids between Brahman and Hereford, Sahiwal and Hereford, Sahiwal and Shorthorn and between Guzerat and Hereford found 23 % of cells with abnormalities.
We observed that the hybrids had 31.5 YO of cells with abnormalities. A statistical comparison between the data of DOLLIN et al. (1991a) and the present results indicates that there is a statistically significant difference between them (p = 0.021).
The smaller frequency of anomalies in B. taurus taurus and B. taurus indicus than those observed in the hybrids contrasts with observations that indicate the hybrid animals are more fertile than the pure breeds (TREMATORE 1996; ALENCAR 1997) . To explain why the hybrids have a larger number of cells with chromosome abnormalities than the pure breeds but are still more fertile, it is reasonable to suggest that the greater fertility may be related to some beneficial effects of heterosis not detected in our SC analysis. Considering that the occurrence of synapsis adjustment could minimize the importance of the SC anomalies, the higher incidence of SC anomalies in hybrids could be minimized by the positive effect of heterosis. It would be desirable to study a higher number of animals and the fertility rate in relation to the occurrence of abnormalities of SC in order to discuss the causes of fertility problems in bulls of F, hybrids between Bos taurus taurus and B. taurus indicus.
